The qualitative features of immune responses are influenced by the polarization of helper T cells towards two distinct phenotypes, Th1 and Th2. Recent evidence suggests that these helper cell subsets may be differentially recruited to the sites of different types of inflammatory reaction.
Functionally distinct subsets of helper T cells, distinguishable by their patterns of cytokine production, are found in both mice and humans [1] . The T helper 1 (Th1) phenotype is best characterized by the production of interferon-␥ and tumor necrosis factor ␤ (TNF␤), and the Th2 phenotype by the production of interleukin-4 (IL-4), IL-5 and IL-13. As a consequence of the cytokines they produce, Th1 cells promote macrophage activation, and stimulate production of antibodies that bind the Fc␥ receptor and fix complement. Microbes bound by such antibodies are readily phagocytosed by macrophages that express Fc␥ and complement receptors. Th1 responses are important for protective, cell-mediated immune responses against intracellular microbes, but these responses may also lead to tissue injury typified by the delayed-type hypersensitivity reaction. In contrast, Th2 cells promote immunoglobulin E production and eosinophil-rich inflammatory infiltrates, which together lead to killing of parasites. Th2 cytokines also serve to downregulate Th1-dependent, cell-mediated reactions. Th2-dominated immune responses can therefore protect against parasitic infections, and can limit the harmful effects of Th1 responses, but they may also promote immediate hypersensitive (allergic) reactions.
The factors that influence whether Th1 or Th2 immune responses predominate at a peripheral site of antigen exposure are incompletely understood. In particular, it has not been established where in the body antigen-reactive T cells are initially directed towards Th1 or Th2 pathways of differentiation. Most of our understanding of T-cell subset differentiation is based on assays in vitro, in which purified naive T cells -those that have not yet encountered antigen -are stimulated by the presence of antigen, antigen-presenting cells and cytokine(s) [2, 3] . Because naive T cells migrate preferentially to lymph nodes, and not to peripheral sites of inflammation, the process of subset polarization during an immune response probably begins in the lymphoid tissues that drain the site of antigen exposure. If this is the case, there should be mechanisms to ensure the preferential migration of previously activated Th1 or Th2 cells to different peripheral sites; such mechanisms would ensure that subset polarity and the concomitant phenotype of the response are maintained at the site of antigen exposure. In fact, recently published data indicate that expression of the adhesive selectins on endothelial cells at cutaneous inflammatory sites preferentially supports the recruitment of Th1 rather than Th2 cells [4] .
The recruitment of leukocytes from the vasculature into tissues is mediated by multiple, sequential adhesion events involving homing receptors on the leukocyte and counterreceptors on the vascular endothelium. A widely embraced multistep paradigm for leukocyte recruitment [5] begins with a 'rolling' stage, in which selectin-binding ligands expressed on microvillous projections from the leukocyte engage in numerous transient, low-affinity interactions with selectins on the surface of activated endothelial cells. The expression of E-and P-selectins by endothelial cells is upregulated by inflammatory cytokines. The leukocyte ligands of these selectins are oligosaccharide groups related to the sialyl Lewis x antigen displayed on the side chains of mucin-like proteins such as GlyCAM-1 and PSGL-1 [6] . The rolling step is followed by the stable arrest of leukocyte movement and tight adhesion of the leukocytes to the endothelium, mediated largely by the binding of leukocyte integrins to the intracellular cell-adhesion molecules, ICAM-1 and ICAM-2, and the vascular cell-adhesion molecule VCAM-1 on the endothelium. Subsequent transmigration of the leukocyte through inter-endothelial junctions is mediated by a distinct set of adhesion molecules, including CD31 and perhaps also cadherins.
Chemokines produced by endothelial cells and local inflammatory cells are an essential component of the leukocyte recruitment process. They are displayed on the endothelial cell surface by glycosoaminoglycans, and, upon binding to leukocyte chemokine receptors, stimulate enhanced integrin-ligand binding affinity as well as chemokinesis.
Although the multistep leukocyte recruitment paradigm was originally based on data derived from studying the behavior of neutrophils, there is evidence indicating that the paradigm also describes interactions between T cells and endothelial cells under conditions of blood flow [7] . In addition to this basic sequence of events, it is likely that leukocyte-and endothelium-specific variations in the expression of adhesion molecules contribute to the heterogeneity of inflammatory reactions.
An established body of published data supports the contention that different subsets of T cells exhibit different recirculation behaviors. For example, a subset of T cells expressing ␣ 4 ␤ 7 integrins 'homes' preferentially to the gut, and this process depends on expression of the integrin ligand MadCAM-1 on endothelial cells of the gut mucosal venules [8] . Similarly, naive and memory T cells exhibit distinct recirculation patterns. The naive cells home to lymph nodes by a process that is partially dependent on the binding of L-selectin expressed on the T cells to GlyCAM-1 expressed on high endothelial venules. In contrast, activated or memory T cells migrate preferentially to sites of inflammation, in part because of increased expression both of integrins on the activated T cells, and of integrin-binding ligands on endothelial cells exposed to inflammatory cytokines. Moreover, recent data support the hypothesis that the selectins also play a role in activated or memory Tcell recruitment: for example, human memory (CD45RO + ) T cells engage efficiently in E-and P-selectin-dependent rolling interactions under flow conditions, whereas naive (CD45RA + ) T cells do not [9] . Both naive and memory T cells express PSGL-1, so it is likely that the differential expression of functional selectin-binding ligands in these subsets is due to the different capacities of naive and memory T cells to glycosylate PSGL-1 and other proteins.
The data reported by Austrup et al. [4] make a compelling case for the differential expression of functional selectin ligands on mouse Th1 and Th2 cells (Fig. 1) . The authors showed that bulk populations of Th1 cells that had been differentiated in vitro bound to soluble P-selectinimmunoglobulin fusion proteins, whereas similarly differentiated Th2 cells did not. Furthermore, upon 'adoptive' transfer of cells that had been differentiated in vitro into mice, many more Th1 cells than Th2 cells were recruited to certain sites of immune-mediated inflammation, including skin delayed-type hypersensitivity sites and antigen-induced arthritic joints. Previous experience with these inflammatory models has indicated that they represent examples of Th1-driven immune responses. The preferential recruitment of Th1 cells to these sites was blocked by administration of anti-P-selectin and anti-Eselectin antibodies in vivo. Interestingly, Th2 cells but not Th1 cells selectively migrated to sites of antigeninduced airway inflammation in an experimental model that may represent a Th2-like response. The latter finding raises the possibility that the molecular basis for selective recruitment of a particular T-cell subset will vary depending on the vascular bed and/or the type of ongoing inflammatory response. It will be important to determine whether different sets of vascular adhesion molecules are expressed in different tissues in response to the same inflammatory stimuli. Alternatively, variations in the combination of cytokines and other inflammatory mediators that are induced by distinct stimuli may result in variations in the expression of endothelial adhesion molecules, and therefore in the particular subset of T cells that is recruited.
It will now be important to determine the biochemical basis for functional expression of selectin-binding ligands on Th1 but not Th2 cells. The same principles may also underlie the expression of functional ligands on memory Cytokineactivated endothelial cell
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Tissue infection E-or P-selectin Selectin-binding ligand Non-functional selectin-binding ligand but not naive T cells, because Th1 cells are a subset of previously activated/memory T cells. One interesting question to be addressed is whether there are subsetspecific patterns of expression or activity of the enzymes involved in the production of the selectin ligands, such as fucosyltransferase VII [10] . Similarly, it will also be of interest to establish the effects of the factors driving Th1 and Th2 differentiation on the expression of glycosylation enzymes: for example, does IL-4, which is essential for Th2 differentiation, directly suppress expression of fucosyltransferase VII and other relevant enzymes; or, conversely, does IL-12, which promotes Th1 development, induce the expression of these enzymes?
The evidence that selectin-binding ligands are differentially expressed on different T-cell subsets does not preclude the possibility that other molecular components of the leukocyte adhesion cascade may also be differentially expressed. There is already evidence that an active form of very late activation antigen-4 (VLA-4) that is capable of binding to VCAM-1 under conditions of fluid shear stress is stably expressed on memory but not naive human helper T cells [9] . Similar analyses for such differences between The work by Austrup et al. [4] describing selectin-dependent recruitment of Th1 but not Th2 cells to sites of immune-mediated inflammation also raises questions about the biology of phenotypically polarized T-cell responses to different antigens. What, for example, are the relative contributions of previously differentiated Th1 cells that are recruited to inflammatory sites as compared to Th1 cells that differentiate at that site? Further questions relate to the stability of the Th1 or Th2 phenotypes in memory T-cell populations, and the possible involvement of the expression of distinct sets of adhesion ligands in these phenotypes. There is currently great interest in the development of selectin-and integrin-antagonists for the treatment of inflammatory diseases. It will be important to consider whether such therapeutic reagents might differentially influence the recruitment of Th1 and Th2 cell to inflammatory sites.
